E-selectin is a type-1 membrane protein on microvascular endothelial cells that helps initiate recruitment of circulating leukocytes to cutaneous, bone and inflamed tissues. E-selectin expression is constitutive on dermal and bone microvessels and is inducible by pro-inflammatory cytokines, such as IL-1α/ and TNF-α, on microvessels in inflamed tissues. This lectin receptor mediates weak binding interactions with carbohydrate counterreceptor ligands on circulating leukocytes, which results in a characteristic rolling behavior. Because these interactions precede more stable adhesive events and diapedesis activity, characterization of leukocyte rolling activity and identification of leukocyte E-selectin ligands have been major goals in studies of leukocyte trafficking and inflammation and in the development of anti-inflammatory therapeutics (1-5). The intent of this report is to provide a visual, comprehensive description of the most widely-used technology for studying E-selectin E-selectin ligand interactions under physiologic blood flow conditions. Our laboratory in conjunction with the Harvard Skin Disease Research Center uses a state-of-the-art parallel-plate flow chamber apparatus accompanied by digital visualization and new recording software, NIS-Elements. This technology allows us to analyze adhesion events in real time for onscreen visualization as well as record rolling activity in a video format. Cell adhesion parameters, such as rolling frequency, shear resistance and binding/tethering efficiency, are calculated with NIS-Elements software, exported to an Excel spreadsheet and subjected to statistical analysis. In the demonstration presented here, we employed the parallel-plate flow chamber to investigate E-selectindependent leukocyte rolling activity on live human bone marrow endothelial cells (hBMEC). Human hematopoietic progenitor KG1a cells, which express a high level of E-selectin ligand, were used as our leukocyte model, while an immortalized hBMEC cell line, HBMEC-60 cells, was used as our endothelial cell model (6). To induce and simulate native E-selectin expression in the flow chamber, HBMEC-60 cells were first activated with IL-1 . Our video presentation showed that parallel-plate flow analysis is a suitable method for studying physiologic E-selectin-mediated leukocyte rolling activities and that functional characterization of leukocyte E-selectin ligand(s) in the flow chamber can be ascertained by implementing protease or glycosidase digestions.
Capturing Leukocyte Rolling Events using NIS Elements
1. Open NIS Elements on desktop. 2. Press "play" icon for live image. Auto exposure will allow you to see the plate easier for now and is important for focusing. 3 . Be sure that microscope is focused properly on the cell monolayer. 4 . Once focused, re-set exposure to 1 frame/ second and adjust light on the microscope. The image should appear on the computer and no longer be visible in the microscope viewfinder due to the low light level. Light histogram can then be adjusted to remove background exposure or improve cell clarity. 5. Click on 2X2 bin or Live Bin to obtain picture that is ideal for movie capture 6. Click on "Macro" on menu bar and select "write to port" ; select port "com3," and "open". (This opens the port to coordinate with the Syringe Pump. 7. Pipette 1mL of KG1a cell suspension into the 5ml test tube near the input tubing line and then place input tubing line to the bottom of the test tube. 8. Go to menu bar, click on "Capture" ; "time-lapse acquisition." 9. A new menu will pop up. Select the protocol lasting 210 seconds, this is the length of the program for rolling on HBMEC-60 Cells. (Each phase is programmed to take a picture every second for the duration of the pump protocol. It is also set up to send a command through the com3 port to start the pump.) If time-lapse is interrupted, the pump will not stop on its own and must be reset. b, where μ is the estimated viscosity of the media (0.0076 P), Q is the volumetric flow rate in ml/s, a is the channel height (gasket thickness) in cm (0.03 cm), and b is the channel width in cm (0.5 cm). Flow rates were regulated using the program mode of the Syringe Pump. 12. Microscope and computer are now ready to capture time-lapse photography. Press "start run" on the computer to begin acquiring data. While running the program, be sure to add media to the test tube containing KG1a cells in order to keep the input/output tubing full of medium (Make sure there are no air bubbles). 
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Discussion
Parallel-plate flow chamber analysis is a specialized in vitro assay system used for studying leukocyte -endothelial adhesive interactions under shear stress conditions similar those imparted on the surface of a post-capillary venule. As depicted here in our visual presentation, we demonstrate the value of this system for investigating the role of E-selectin -E-selectin ligands in mediating leukocyte tethering and rolling on the surface of activated microvascular endothelium. We also reveal the application of protease, glycosidase and blocking antibody treatments for elucidating the role of E-selectin and its ligands in this system. These analyses are highly reproducible and help form an experimental basis for studying E-selectin -E-selectin ligand function in vivo.
In addition to studying cell adhesion with monolayers of cytokine-activated microvascular endothelial cells (hBMEC or human umbilical vein or dermal microvascular endothelial cells), assays can be performed using purified recombinant human E-selectin or E-selectin-Ig chimeric molecules as a substrate for cell adhesion. Other adhesive interactions mediated through leukocyte (L-)-selectin and platelet (P)-selectin can also be assayed using parallel-plate flow chamber technology. By varying the type of cell monolayer/protein substrate or of input leukocyte/ selectin-transfectant cell models, investigators can study the role of these interactions under physiologic shear stress conditions.
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